This study addresses two significant limitations in the literature on cross-country expenditure comparisons: (a) treatment of all countries, large and small, as single entities with no spatial differences inside the countries, and (b) use of Divisia price indices, rather than preference based "exact price" indices, in the expenditure comparisons. This paper proposes alternative preference consistent methods for estimating spatial price differences in a large heterogeneous country such as India. Unlike the conventional price indices, the use of demand systems based methods allows the incorporation of price induced substitution effects between items. The paper illustrates the usefulness of the methodology by using the "exact" spatial price indices, in conjunction with the inequality sensitive welfare measure due to Sen, to rank the Indian states and examine changes in ranking duirng one of the most significant periods in independent India. The results have methodological and empirical implications that extend much beyond India.
Introduction
There is now a large literature on the comparison of real incomes of countries across time and space. Much of it is based on the Penn World Tables (PWT) , from the International Comparison Program (ICP) of the United Nations, which regularly publishes estimates of real GDP for a large panel of countries. While such comparisons are routinely done from the World Development Indicators published by the World Bank 2 , there have been some recent attempts to make these international comparisons consistent across space and over time.
Recent examples of international comparisons of real income or real expenditure include Hill (2004) , Neary (2004) and Feenstra, Ma and Rao (2009) . Oulton (2010) sets out a preference based algorithm for comparing living standards across countries.
Most of these international income comparisons treat the whole country as a single entity, and ignore the spatial dimension within the country 3 . They ignore the fact that in large countries, such as Brazil and India, there is much greater variation in prices and consumer preferences between states or provinces than between several of the smaller countries that figure in the ICP real income or inequality comparisons. This restricts the usefulness of the methodology adopted and the empirical evidence to the policy maker in a large federal country such as India. For example, the international statistical agencies have spent much resources on calculating PPPs between nations, [Asian Development Bank (2008) , Rao, Rambaldi and Doran (2010) ], but there has not been much attention paid to calculating PPPs within nations. Nor are these cross-country comparisons usually made on preference consistent expenditure systems that take into account substitution between items over time or the spatial differences in the magnitude of such substitution effects driven by corresponding spatial differences in prices and preferences. Yet, the considerations of preference heterogeneity and differing relative prices between nations that drive the cross country PPP 2 See, for example, the latest World Development Report [World Bank (2011) ].
3 There is also a long tradition of international inequality comparisons that treat the whole country as a single entity -examples include Hill (2000) , and Almas (2012) .
calculations, also, underline the importance of spatial prices in the context of large Federal countries such as Brazil and India. In the words of Oulton (2010, p.4) , "though much work has been done on estimating systems of consumer demand or producers' cost functions, the results of these studies are not typically employed by other economists in empirical work... when macro economists study inflation empirically they do not usually employ their micro colleagues' estimates of expenditure functions". The recent study by Feenstra, Ma and Rao (2009) , while continuing the tradition of treating all countries, large and small, as homogenous, marks a departure and proposes a framework for expenditure comparisons between countries based on estimated preference parameters 4 . The present study, which is in this recent tradition, is motivated by an attempt to take consumer preferences and price induced substitution into account in calculating spatial price indices, unlike much of the earlier literature as exemplified by the quote from Oulton noted above.
The recent evidence of Aten and Menezes (2002) , Coondoo, Majumder and Chattopadhyay (2011) , Coondoo, Majumder and Ray (2004) , Majumder, Ray and Sinha (2011) and Deaton and Dupriez (2011) suggests that the assumption of spatial homogeneity is unlikely to be valid in the case of large heterogeneous countries with diverse preferences such as Brazil, India and Indonesia. The lack of spatial prices in large countries prevents real income comparisons between provinces since the calculation of provincial real income is dependent on the availability of regional price deflators. The heterogeneity in regional preferences over items and in the regional price movements in large countries implies that there is much greater variation between individual provinces and states in such countries than exists between several of the smaller countries in, for example, the European Union or, more generally, the list of countries that figure in the ICP project. This study recognises this and concentrates on the spatial dimension within a country rather than between countries.
The present study is motivated by an attempt to introduce a methodology that provides for a preference consistent framework to estimate spatial differences in prices and uses them in expenditure comparisons between regions in the context of a large heterogeneous country, namely, India. This study is in the recent expenditure function based tradition of Feenstra, Ma and Rao (2009) . It extends that study in three significant respects: (a) it introduces spatial differences in preferences and price movements within a country and moves from the multi country context of that study to the multi region context of a single federal country, (b) it shows that the utility based "true cost of living index" used recently in inter temporal price comparisons can also be used in constructing spatial price indices within the country for a single time period, and (c) the expenditure function adopted is the rank three functional form introduced by Banks, Blundell and Lewbel (1997) rather than its restricted rank two specialisation that yields the Almost Ideal Demand System 5 . The paper proposes alternative methodologies for estimating spatial prices and provides evidence that compares between the alternative sets of spatial price indices. These compare not only between the traditional approach based on Divisia price indices 6 and that based on the estimated preference parameters from complete demand systems but, within the latter approach, between that using the innovative procedure of Coondoo, Majumder and Chattopadhyay (2011) that uses Engel curve analysis without requiring any price information and that which uses prices constructed from unit values in the household expenditure surveys.
Other distinguishing features of the present study include the fact that we propose formal tests of the hypothesis of no spatial differences in prices. Moreover, the paper uses the distribution sensitive welfare measure, proposed by Sen (1976) , to rank states in India and examines whether the welfare rankings have changed over the chosen period. This was a period of considerable economic significance for India because it coincided with "second generation reforms" that helped to make India one of the fastest growing countries in the world. Yet, not all states in India have shared equally in the progress and this puts the focus on the regional expenditure, price and welfare differences within the country as is done in this study. As Datt and Ravallion (1998) have shown, there has been considerable unevenness in economic progress among the constituent states in the Indian Union. While Datt and Ravallion (1998)'s study was based on poverty rates and covered the pre reforms period, the present study ranks states based on the welfare of the entire population (not just the poor) and covers the more recent period of economic reforms in India. It may be noted that the expenditure based welfare comparison between different regions in a large country is 5 While the use of the rank two AIDS framework by Feenstra, et al ( 2009) was necessitated by the fact that their analytical results are conditional on such a functional form, there is now extensive empirical evidence that rejects rank two demand models in favour of more general expenditure patterns.
6 See Hulten (1973) and Hill (2000) . Feenstra and Reinsdorf (2000) have shown equivalence between the Divisia approach and the "exact approach" of the "true cost of living indices" in case of the "Almost Ideal Demand System". It is not readily apparent if such equivalence extends to rank three preferences such as the one considered here.
analogous to that between countries in international comparisons, but the former does not usually suffer from the problems posed by inconsistent data definitions in various countries faced in the latter. Moreover, the prevalence of similar institutional and cultural features in various regions in a country, along with a shared historical experience, unlike between countries, makes the intra country welfare comparisons more meaningful than the cross country comparisons, as noted by Datt and Ravallion (1998) .
The rest of the paper is organised as follows. Section 2 presents the alternative methodologies for estimating and testing for spatial differences in prices. The data set is briefly described is Section 3, which also presents and discusses the quality and demographically adjusted unit values that are used as proxy for prices. Section 4 presents the results, and Section 5 concludes the paper.
Procedures for Estimating Spatial Prices 7
The methodology is based on the fact that a spatial price index can be viewed as a True Cost of Living Index that is defined below. The general cost function underlying Quadratic Logarithmic (QL) systems, (e.g., the Quadratic Almost Ideal Demand System (QAIDS) of (Banks, Blundell and Lewbel, 1997) and the Generalized Almost Ideal Demand System (GAIDS) of (Lancaster and Ray, 1998 ) is of the form:
where p is the price vector, ( ) is a homogeneous function of degree one in prices, ( ) and ( ) are homogeneous functions of degree zero in prices, and u denotes the level of utility.
The budget share functions corresponding to the cost function (2.1) are of the form
where denotes nominal per capita expenditure and i denotes item of expenditure.
The corresponding True Cost of Living Index (TCLI) in logarithmic form comparing price situation with price situation is given by The following discussion of the spatial price estimation procedure can be divided into four parts: the first part (Section 2.1) describes the three-step procedure due to Coondoo, Majumder and Chattopadhyay (2011) that calculates the spatial prices based on Engel curve analysis. This procedure requires neither any price data nor any algebraic functional form for the cost function. The convenience of this procedure stems from the fact that many countries do not have any price information, let alone spatial prices. However, this convenience comes at the cost of ignoring substitution effects of price changes that may bias the estimates of spatial prices/PPP 8 . The second part (Section 2.2) describes an extension of this procedure by estimating demand systems using price information. These two procedures are bench marked against the spatial prices generated by the Laspyere's price index that is briefly described in Section 2.3. The latter two procedures require price information that is lacking on most data sets. Section 2.4 shows how unit values obtained from expenditure and quantity information on purchases can be used to provide the necessary price information after adjusting for quality and demographic characteristics, and describes the procedure of generating quality adjusted unit values as prices. The usefulness of the estimated spatial prices is shown by making spatial price corrected expenditure comparisons of the various regions, namely, the Indian states in the present study. The framework and measures used for such comparisons are described in Section 2.5.
The Coondoo, Majumder and Chattopadhyay (2011) procedure for calculating Spatial Prices (Engel curve analysis)
The procedure for estimating TCLI's (spatial prices) for R regions, taking region 0 as base 9 , involves three stages.
In the first stage, a set of item-specific Engel curves relating budget shares to the logarithm of income are estimated for each region r = 0, 1, 2…R as follows.
i denotes item, denotes household, is a random disturbance term and are parameters that contain the price information on item i in region r.
In the second stage ( ) r = 0, 1, 2…,R is estimated from the following equation obtained by equating equations (2.2) and (2.4):
Here is a composite error term, which is a linear combination of the individual errors of estimation of the parameters and denotes the price vector of the base region.
In the third stage b( )and ( ), r = 1, 2…,R are estimated, using the normalization ( ) ( ) for the base region, from the following regression equation 10 :
(2.6)
The money metric utility of a household of the base region that has nominal per capita income ( ( )) is given by:
Using these, the TCLI's are estimated for a given reference level of utility of the base region.
It may be emphasized that ( ) ( )and ( ) are estimated as composite variables and no explicit algebraic forms for these functions are assumed. However, as already noted, being based on single equation Engel curves, the issue of price induced substitution effect among commodities is ignored. To incorporate such substitution among the items in the calculation of spatial prices, we need to estimate complete demand systems that require specification of functional forms for ( ) ( )and ( ) which in turn require prices for estimation. The above methodology can be extended to allow the calculation of spatial prices incorporating substitution using constructed prices, as described below.
Extending the Coondoo, Majumder and Chattopadhyay (2011) procedure to calculate spatial prices incorporating price induced substitution (demand systems estimation)
We now extend the procedure described in the preceding section by specifying explicit forms of ( ) ( ) and ( ). The specific functional forms of ( ) ( ) and ( ) for QAIDS in (2.1) are as follows:
( ) ∑ where is the price of item i in region r.
The resulting budget share equations are given by
Given a reference utility level, the spatial prices can be calculated from equation (2.3) using the estimated parameters and information on prices.
Based on the level of regional disaggregation considered, estimation of demand system [eq.
(2.8)] would yield the estimates of ( ), b( ) ( ) where superscript r denotes the province/region, r, and there are R such provinces. Substitution in (2.3) and taking exponential yields the spatial prices between provinces, conditional on pre specified reference utility, u * , in each situation. In the empirical work, we have used the utility level corresponding to per capita median expenditure in the whole country, India, as the reference utility level 11 , u * , to calculate the spatial price of each state/province. Note that as we have calculated the spatial prices separately for rural and urban areas, the reference utility used is that corresponding to the all India median in the rural and urban areas.
The Laspeyre's Index of spatial prices
The above methodology is benchmarked against the Laspeyre's spatial price index (computed using Selvanathan's (1991) procedure), obtained from the following regression equation:
where r denotes the comparison state ( namely, each of the 15 states in India) and 0, denotes the reference region (All India in this study), and are the price and quantity of the th commodity and i is the disturbance term. The ordinary least squares estimator ̂ yields the Laspeyre's index along with its standard error. In the calculations of the Laspeyre's spatial price index reported below, we fixed the reference bundle at the All India median of quantities (separately for rural and urban areas) at the corresponding NSS round.
While the Coondoo, Majumder and Chattopadhyay (2011) procedure for calculating spatial prices described in Section 2.1 does not require prices of the individual items for calculating the spatial price indices, the demand systems based procedure described in Sec. 2.2 and the Laspeyre's index of spatial prices described above both require item prices in each round. example, the unit value of an item, say cereals, that is consumed in the urban areas, may be higher than its rural counterpart simply because cereals consumed in urban areas is of superior quality. A large part of rural consumption is out of home produced items which are lower priced than urban consumption items that are mostly bought in the market. Comparison of raw unit values will, therefore, exaggerate the rural urban differential in prices. Similarly, a larger sized household enjoys discounted prices that a smaller household does not. This paper follows a recent and expanding literature that uses adjusted unit values as prices in welfare analysis -see, for example, Gibson and Rozelle (2005) , Deaton and Dupriez (2011) and McKelvey (2011) . Cox and Wohlgenant (1986) and Deaton (1988) proposed alternative methodologies for constructing price series from unit values in the household expenditure records. In this paper, we extend the procedure, due to Cox and Wohlgenant (1986) , that adjusts unit values obtained from budget surveys to correct for quality effects before they are used as prices in cross sectional demand estimation. The methodology has been extended in a recent study on Vietnamese data by Hoang (2009) . Gibson and Rozelle (2005) and McKelvey (2011), however, argue that even the adjusted unit values lead to substantial biases when used as prices. They suggest combined use of market prices and adjusted unit values, rather than reliance on any one of them. Unfortunately, the former is rarely available in developing countries and, even when they are, they also suffer from biases.
The procedure to generate quality adjusted unit values as prices (food items)
The spatial prices based on complete demand systems require price information for estimates of the price parameters. Such information is missing in most data sets. We use as proxies for prices 12 the unit values for food items that can be obtained by dividing expenditure values by quantities. However, the raw unit values need to be adjusted for quality and demographic effects. To do so, we adopt the following procedure.
The unit values, v i , are adjusted for quality and demographic factors following Cox and Wohlgenant (1986) and Hoang (2009) , through the following regression equation:
is the unit value paid by household h for item i in state/province j, district d and sector s,( ) is the median unit value for the district in which the household resides, is the household food expenditure per capita, is the proportion of times meals consumed outside by that household and , and are dummies for sector, state/province and district, respectively. Z denotes the set of demographic variables such as household size and composition that have an impact on the unit values by altering the household's preferences and its purchases. While Huang estimates equation (2.10) using mean (in place of median being used here) unit prices and then adds the predicted residual ( ̂) to the district mean to get the quality adjusted price for each good, the present paper uses deviation of household level unit prices from median unit prices to represent quality effect. The quality adjusted unit prices are calculated by, first, estimating equation (2.10), which, for each commodity , regresses the deviation of household's unit price from the median price in the district , of state/province in each sector s (rural or urban), ( ) , on household characteristics.
Next, the district wise quality adjusted price for each item is generated by adding the district median unit value for this item to the estimated residual from equation (2.10).
The district wise median of the prices calculated in equation (2.11) is used to represent the district wise quality adjusted price for each food item . In other words, each household is assumed to face the vector of quality adjusted median values, using equations (2.10) and (2.11), of the items in the district where the household resides.
The quality adjustment to the unit values represented by equation (2.10) may not be adequate since the unit value will also vary with district prices, so that in districts with higher prices the quality chosen will be lower 13 . The quality adjustment procedure described by (2.10) can be easily extended to accommodate this possibility. 
Spatial Price Deflated Real Expenditure Comparisons between Regions
The methodology proposed by Sen (1976) for real income comparisons between countries, and illustrated in that paper by applying it to studying regional differences in rural standard of living in India 14 , is used in the present study to compare real expenditure among the constituent states of the Indian union. Following Sen (1976) , we consider, as a welfare measure, the inequality corrected nominal expenditure: = (1-), where is mean of the nominal expenditures ( ) in state r, and is the gini inequality measure of nominal expenditures in that state. The spatial price of state r can be used to convert the welfare measure from nominal to real terms by defining = (1-) where is the mean of the real expenditures ( ), the corresponding spatially corrected real expenditure inequality, and is the spatial price of state r with respect to the All India figure which is normalised at 1.
An alternative way of incorporating spatial differences in prices in the expenditure comparisons has been proposed by Sen (1976 Mantel (1967) ], which has been widely used by evolutionists on genetic data, allows linear or monotonic comparisons between the elements of two distance matrices [see Legendre and Fortini (2010) ], and is used here to test for rural urban differences in the expenditure based state rankings depicted in the Hasse diagrams 15 .
Data Description and the Quality Adjusted Unit Values
This study uses the detailed information on household expenditures on food and non food items, household size, composition and other household characteristics contained in the unit records from the 50 th (July, 1993 -June, 1994 , 55 th (July, 1999 -June, 2000 , 61 st (July, 2004 -June, 2005 ) and 66 th (July, 2009 -June, 2010 ) rounds of India's National Sample Surveys (NSS). All these rounds are "thick" rounds, and based on large samples. The period covered by these 4 "thick rounds" of the NSS, 1993/94 -2009/2010 is of much interest, both in India and abroad, since it saw India transformed from a slow growing economy facing a serious balance of payments crisis in 1991/2 to one of the fastest growing economies of the world.
Moreover, the NSS 66 th round, the latest available, that we have considered here covered the period immediately following the global financial crisis.
The spatial price calculations were done at three levels of commodity aggregation:
(a) All items employing the procedure due to Coondoo, et al. (2011) that does not require price information, but requires only the household expenditures on the various items.
(b) The six principal food items on which the NSS contained information on both expenditures and quantities allowing the calculation of unit values.
(c) All the 11 food items on which such information was available.
Since the Coondoo, Majumder and Chattopadhyay (2011) procedure of Sec. 2.1 avoids the requirement of price information, we used it on the list of all items (a) that includes both food items and non-food items (which generally do not allow calculation of unit values since they do not provide quantity information). While (b) was used in the demand system based procedure for calculating spatial prices described in section 2.2, (c) was Appendix Table A1 . The list of the 15 major states for which the spatial prices were calculated in each of the 4 rounds, along with the number of districts in each state, is given in Appendix Table A2 .
The coefficient estimates of the quality adjustment regressions of the unit values of the principal food items are presented in Appendix Table A3 16 . Several of the coefficient estimates are highly significant. With the exception of Milk and Milk Products, the more affluent households consume superior quality food items, as evident from the positive and significant coefficient estimate of the per capita expenditure variable for most items.
Household size generally goes the other way, with larger households consuming inferior quality food items. The negative and significant coefficient estimates of the district price dummies shows that households residing in the more expensive districts adjust their purchases by sacrificing quality by purchasing the inferior variety of these food items. While the formal evidence on spatial prices has been presented later, Tables 1-4 contain prima facie evidence of the large variation in spatial prices that motivated this study. (c)
The structure of spatial prices varies sharply between rural and urban areas, and over the rounds.
Results
The estimates of the spatial price indices obtained from using the three alternative procedures for calculating spatial price indices, described in Sections 2.1-2.3, have been presented in Tables 5-7 . An estimate of spatial price for a state that is significantly greater than one implies that the state is more expensive in relation to the country as a whole, and vice versa if the estimate is less than one. While a comparison between the tables provides evidence of the sensitivity of the estimated spatial prices to the method used and to the commodity aggregation adopted, each The following features are worth noting:
(a) The estimates are mostly, but not always, plausible. A few exceptions occur in case of the QAIDS based estimates 17 presented in Table 6 . The estimates are generally well determined.
(b) These tables contain widespread evidence of spatially different prices in India in each round and in each sector. Clearly, the treatment of India as a single entity in international comparisons of PPP and real expenditure is based on a false premise of spatial homogeneity.
(c) Notwithstanding wide differences in methodology and in the commodity aggregation adopted, the qualitative picture on the spatial differences between the states seems remarkably robust between Tables 5-7 , though the quantitative magnitudes do vary.
The QAIDS based estimated spatial price indices in Table 7 generally show greater variation between states and in the magnitude of their difference from one than the other procedures (Tables 5 and 6 ). This is due to the fact that, unlike the QAIDS based procedure, none of the other two procedures allows substitution between items in response to price changes. This points to the usefulness of the demand systems based approach to calculating the "exact" price indices. It may, however, also be possible that the price movement of the commodities that have been left out is partly responsible for this discrepancy.
(d) In particular, the Laspeyre's spatial price indices presented in Table 6 pick up only the weakest evidence of spatially different prices as their magnitudes are much closer to 1 than in case of the other two procedures. The general picture of spatial homogeneity that is portrayed by the magnitude of the Laspeyre's based spatial price estimates in Table 6 Table 8 . These tables show considerable sensitivity of the expenditure indices to (a) the deflation of nominal indices by the spatial price deflator, and (b) the spatial price estimation procedure adopted. In case of the latest NSS round available to us, namely, NSS round 66, for example, the poorer states of Bihar and Orissa do much better on the spatially price deflated expenditure comparisons than in the nominal real expenditure comparisons that assumes spatial price homogeneity. These tables also show considerable movement in the state rankings over the period spanned by the 4 large NSS rounds considered in this study.
Further evidence on the sensitivity of the state rankings to the incorporation of regional price differentials via the use of spatial price deflators in the real expenditure comparisons, and to the spatial price used in the comparison, is provided in application of the Laspeyre's index applied to the listing of 11 items, described in Appendix Table A1 , seems to have the least impact on the nominal state rankings in both rural and urban areas with the correlation magnitudes upwards of 0.9. The state rankings are sensitive to the use of the other two spatial price deflators. The overall message from Table 12 is that it is not only important to incorporate regional differences in prices and preferences in the expenditure comparisons, but we also need to do so through the use of preference consistent true cost of living indices. sharply to be at or near the top in Fig. 1 restriction of the analysis to only the food items leads to a decisive rejection of the hypothesis. The correlation magnitude is much higher in both size and significance in case of food items only than in case of all items. The message is intuitively clear-food being an item of necessity, there is much greater closeness between the welfare distances between states in the rural and urban areas based on food items only than that based on food and non-food items. This is because prices and preferences vary much more in case of non-food items than food items. In other words, the rural urban differences in the welfare based state rankings in India, with some states moving ahead of the others during this period of economic reforms and beyond, shows up mainly in the expenditure on non-food items. Consequently, the rural and urban rankings are much closer to one another in case of food items than is the case if the comparisons are extended to all items.
Conclusion
This study addresses two significant limitations in the current literature on cross-country expenditure comparisons: (a) the treatment of all countries, large and small, as single entities with no spatial differences inside the countries, and (b) the use of Divisia price indices, rather than preference based "exact price" indices, in the expenditure comparisons. The assumption of identical prices and preferences across all regions in a country is unlikely to be valid in countries such as Brazil and India. The motivation of this paper has been both methodological and empirical. The paper proposes alternative preference consistent methods for estimating spatial price differences in a large heterogeneous country such as India. Unlike the conventional price indices, the use of demand systems based methods allows the incorporation of price induced substitution effects between items. The paper proposes and applies the methodology to estimate "exact" spatial price indices in a large federal country.
The paper provides empirical evidence on the spatial differences in prices and their effect on the real expenditure comparisons, and provides formal tests of the hypothesis of no spatial price differences within the country. The study makes the expenditure comparisons distribution sensitive by using the inequality inclusive welfare measure due to Sen (1976) in ranking the states. The study provides overwhelming evidence that rejects the assumption of spatial price homogeneity. The Hasse diagrams show the state rankings, the variation in the rankings between sectors (rural/urban), and how these rankings have changed over a period that is one of the most significant in independent India. The results of this study have implications for international comparisons such as the ICP project. Such projects need to focus as much on spatial price and expenditure comparisons within countries as they do on comparisons between countries. One needs an integrated approach that incorporates the former in the latter. The evidence of this paper, clearly, has implications that extend much beyond India. 
